Floods are common types of water-related natural hazards that cause not only destruction and loss of lives but also erosion and sedimentation. Soil and water conservation (SWC) techniques such as mechanical treatments (placing check dams) and biological treatments (vegetation restoration) are being applied to reduce the velocity of runoff and mitigate the impact of floods. In this research, we evaluated four different SWC scenarios to see how the watershed responds to those watershed treatments. We calibrated and validated a rainfall-runoff model to simulate the impact of biological and mechanical treatments on peak discharge and volume of the runoff in Bishebone watershed in the north of Iran. Simulation of peak discharge for before and after watershed treatments for floods with return periods of 2 to 100 years shows that, the combination impact of mechanical and biological treatments on floods with return period of 100 years is 6.95 to 9.94 percent. Results also show that the impact of mechanical treatments on floods with higher return periods is relatively more than that of shorter return periods.
Introduction
Floods are common types of water-related disasters, occurring in both developing and developed countries. Floods are accountable for more than one third of disaster-related losses and two thirds of the total disaster affected population of last few decades. The number of floods increased from 215 in the 1960s to 405, 812, and 2053 over the subsequent three decades [1] . It has been more than four decades that Soil and Water Conservation (SWC) techniques have been practiced in many watersheds in Iran [2] . It has also been reported that the optimum results for watershed management using mechanical and biological structures will be achieved by considering two important factors, appropriate constructions with respect to natural characteristics of the watersheds, and impact of the structures on vegetation as a natural barrier for runoff and sediment transports [3] [4] [5] [6] .
Due to a variety of ecological characteristics it is difficult to offer a unique solution to address environmental problems for all watersheds. Therefore, in addition to identifying the hydrological characteristics of watersheds, it is important to prioritize the types of SWC techniques for watershed treatment.
One of the most common SWC techniques used in different hydro-climatic region of the world is placing check dams. A check dam is a structure made of concrete, stone or other materials, constructed across the flow channel to be used as a barrier for water and soil loss by reducing water flow velocity [7] .
Numerous case studies have been carried out to investigate the impact of check dams and vegetation cover on decreasing runoff and sediments [8] [9] [10] [11] .
Some other methods have also been suggested to control the surface runoff in watersheds and prevent the devastating effects of floods. [3] suggested the multi-reservoir cascade systems to minimize the peak discharge of watershed discharge. [12] evaluated the combination of structural and non-structural methods for controlling the flood events.
Using an appropriate hydrologic model we are able to simulate the hydrologic response of watersheds to all of the abovementioned techniques and evaluate the results.
The aim of this study is to evaluate the impact of check dams and vegetation as mechanical and biological SWC techniques using HEC-HMS model. We evaluated 4 different scenarios in which the watershed is being treated by SWC techniques.
The U.S. Army Corps of Engineers Hydrologic Modeling System (HEC-HMS) is a software package for rainfall-runoff simulation. The program is the new version of previous package (HEC-1) in which the performance of model is significantly improved [13] . The package has been successfully tested in different geographic areas [14] [15] . In the north of Iran, Sahour et al. (2016) applied the HEC-HMS model for rainfall-runoff simulation and they observed a good correlation between simulated and observed peak discharge [16] . In another study in north of Iran, Saghafian et al. (2008) used the HEC-HMS model to quantify the impact of land use alteration on floods intensification [17] .
Overview of the Study Area
The study area is Bishebone watershed located in the north of Iran extending [18] . Some studies also reported the increase in surface runoff of the area due to land use alteration [17] [19] [20] .
The mean temperature varies from 12.5˚C to 20˚C, and annual rainfall ranges is varying from 718 to 1274 mm [21] . The highest precipitation in the study area occurs in fall [22] .
Bishebone watershed can be divided in 10 sub-basin. The biggest sub-basin, X, with 1274.4 hectares covers almost 16% of the entire watershed and the smallest one, III, with 218.7 hectares covers almost 2.7% of area. Table 1 shows the areas of all sub-basin. The elevation of the watershed is varied from 1000 to 2220 meters. Figure 1 shows the topography, Digital Elevation Model and 3-dimensional model of the watershed.
Determining the Decline of Peak Discharge Using HEC-HMS Model
To determine the impact of biological and mechanical activities on runoff of the study area, first the vegetation map of area was produced from satellite data.
Then, HEC-HMS rainfall-runoff model was used for different flood events to ca- computed and the best distribution were selected. Finally, the curves for 2, 5, 10, 25, 50, and 100 years return periods were introduced to the rainfall-runoff model.
Thus, the amount of floods for different return period were simulated. 
HEC-HMS Model
The HEC-HMS model is designed to simulate the precipitation-runoff simula- The meteorological data were analyzed with meteorology component and these components consisted of rainfall data, snow melt and evapotranspiration.
Evapotranspiration is used to describe the movement of water from the Earth's surface to the atmosphere by the combined processes of evaporation and transpiration [23] . Because the selected data such as rainfall and runoff data are taken in small time intervals, therefore evapotranspiration is not significant in rainfall-runoff modeling of the study area.
In this study, SCS curve number method used for loss flow calculation and In Equation (1), CN is a dimensionless parameter and is: 0 ≤ CN ≤ 100. When CN is 100, soil is not able to absorb rainfall and as a result the height of rainfall and runoff is equal. Ia, is initial abstraction (mm) and S is potential maximum retention (mm). The percent of impervious layer of basin was produced from vegetation cover.
Calibration and Validation of the Model
We used historical flood events and their corresponding rainfall for calibration and validation. To do this, we observed 5 flood events in time series data from
Gelvard hydrometric station and their corresponding rainfalls were identified.
Three of the events were used for calibration and two of them for validation. For runoff simulation, parameters were calculated and then, for determining the optimum amount the parameters optimizing method performed for three flood events. To calibrate the model, the simulated hydrographs manually adjusted 
Sensitivity Analyze
Sensitivity analysis was used to evaluate the hydrological parameters. The simulated hydrographs were compared the observed hydrographs obtained from 
Evaluation of Results
Pearson correlation confidence (r), root-mean-square error (RMSE) and student's t-test in SPSS software were used in order to evaluate the results. The best simulations belong to rainfall that shows maximum efficiency and minimum P-Value or minimum RMSE [29] [30].
Determining the Time of Concentration and Lag Time for before and after SWC Constructions
Lag time is the time interval between the center of mass of the excess rainfall and the peak runoff rate. In this part of the study we estimated the lag time and the time of concentration for Bishebone watershed before and after implementing SWC structures:
Before Implementing SWC Structures
In this study time of concentration (T c ) was estimated using the Kirpich equation for small sub basins [31] [32] . Lag time was calculated using following equation.
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After Implementing SWC Structures
To evaluate the impact of structures on flow channels slopes, the location of the structure was determined by considering their heights of them and the slope of structure was calculated in the construction site. For this purpose the length of sedimentation was measured and then the new slope was weighted in construction site.
where S ′ is the new slope in main stem, P′ is extent, l is the length of flow 
Evaluation of Mechanical Treatments (Check Dams) on Peak Discharge Variations
In this step, the schematic plan for hydrological component of the Bishebone check dams was provided. Then, the basin model for before and after placing check dams were created using the optimized parameters from validation steps and rainfall data to evaluate the impact of check dams on pick discharge variations.
Evaluation of Biological Treatments (Vegetation Cover) on Peak Discharge Variations
The change in vegetation cover was quantified using satellite data ( Table 2) . We used two land use maps from before and after biological treatments to generate the curve number (CN) of the watershed for each time. To do this, the Hydrologic Soil Groups (HSG) data and land use data were combined in GIS and by using the curve number weighting table, the CN for the watershed were estimated. The new CN values for each sub-basin were entered to the model and changes in discharge were evaluated. Figure 3 and Figure 4 show the different types of land cover before and after biological treatments.
Simulation of Flow Using HEC-HMS in Order to Evaluate the Combination of Mechanical and Biological Treatments
In this step, weighted mean of curve numbers from both mechanical and biological operations were entered to the model to evaluate their impact on peak discharge for different return periods.
Flow Simulation by Using HEC-HMS Model to Mechanical
In this step, based on the optimized parameters from the first step, the change in peak discharge was estimated in case of complete performing of mechanical operations and land use condition. 
Results

Characteristics of Mechanical and Biological Structures of the Study Area
In this step, we describe the characteristics of mechanical structures and biolog- and biological treatments were stored in GIS and were applied to the model. Figure 5 shows the current location of the check dams in Bishebone watershed. Table 2 shows the vegetated land surface in Bishebone watersheds. Table 3 shows the amount of CN in the sub-basin of Bishebone before and after watershed treatments. In general, forest land cover of the study area has been reduced. In the sub-basins V and VI, where the watershed treatments structure were implemented, the CN values have changed.
CN Calculation
Rainfall Intensity Evaluation (Intensity-Duration-Frequency)
In this study, short duration rainfall were estimated using Bell's method (1969). 
Rainfall-Runoff Simulation
The results of sensitivity analyze for initial loss and lag time have been shown in Table 5 and Table 6 . Results shows that CN and initial loss have high sensitivity and initial loss is the most important parameter for calibration to be adjusted. As the initial loss changes from −20 to 20 percent, the sensitivity varied from −0.62 to 0.72. Table 7 and Table 8 show the sensitivity of the models to adjustments of parameters for initial loss and lag time respectively.
As it is shown, the curve slop for initial loss is more than the lag time and model has more sensitivity to change in initial loss. In sensitivity analysis, a small change in parameters, causes a significant change in the model. In this case, the model is called sensitive to the parameters. When the curve slope is small, a remarkable change in related parameters has a small effect on response.
In this case, the model is called non-sensitive to the parameters. In calibration operations the value of peak discharge is used as the calibration index due to the importance of peak discharge in flood event. As it is shown in Table 5 , there is a good correlation between simulated values
and observed values for 3 flood events in calibration step (r > 0.9; P < 0.001).
Using compare means test and Student's t-test, there was no significant difference between observed and simulated values as a result we can trust the model for simulate the peak discharge. Same results were observed for validation step (r > 0.9; P < 0.001). Small values for RMSE in calibration and validation step show the applicability of the model for prediction of peak discharge in Bishebone watershed. 
Flow Simulation by Using HEC-HMS Model to Evaluate the Mechanical Operation
The result of Table 8 shows that for a 100 year return period after watershed operations the discharge was estimated about 19.19 m 3 /s that shows the decline up to 6.95 percent of peak discharge.
Flow Simulation Using HEC-HMS Model to Evaluate the Biological Operation
According to the land use map, all the sub-basins except V and VI have been altered from forest land to agricultural land and have impact on curved number and initial loss due to expansion of agricultural area. Only in two sub-basin V and VI have experienced the increase in biological treatment and the impact is obvious on curve number.
According to Table 8 
Flow Simulation Using HEC-HMS in Order to Evaluate the Combination of Mechanical and Biological Treatments
Results showed that the pick discharge in this scenario for a 100 year slightly de- (Table 9 ).
Flow Simulation Using HEC-HMS in Order to Evaluate the Watershed Operations in Case of Complete Mechanical Operations
In this step, according to optimized parameters from first level, amount of changing peak discharges were calculated in case of complete operations of mechanical treatments. Results showed that discharge with return period of 2, 5, 10, 25, 50, 100 year will have respectively 2.71, 2.5, 2.51, 5.37, 8.23, 9.94 percent decrease in case of complete mechanical treatments of the watershed (Table 9 ). 
Discussions and Conclusions
Many SWC techniques have been performed on watersheds in different hydro-climatic regions without evaluating the impact of the location and number of the structures that is needed for the watershed treatments. Watershed management projects should consider all socio-economic aspects of SWC techniques. Present study offers a cost-effective approach for estimating the applicability of mechanical and biological watershed treatments on surface runoff and mitigating the impact of flood events. Using the results of this study and comparing the volume of runoff and peak discharge we would be able to determine the volume of watershed management operations before starting the projects. Also the results show the effectiveness of biological treatments which is relatively economical. In this study 4 different scenarios for assessing the impact of watershed operations on surface runoff were performed by using a rainfall-runoff model (HEC-HMS) in Bishebone watershed ( Table 9 ). The studied scenarios consist of biological treatments, mechanical treatments, combination effect of biological and mechanical treatments and complete performing of watershed plans. In biological operations, result shows that discharge of flood with return periods of 2, 5, 10, 25, 50, 100 year shows respectively 88.76, 27.12, 14.1, 12.21, 9.5, 7.85 percent increasing in all basins and shows that impact of biological treatments in long return periods is relatively less than that of shorter return periods. Only in two sub-basins of the Bishebone watershed (IV and V) an increase in the biological treatments was observed. According to Table 9 , the amount of peak discharge for return period of 100 year has been reduced from 1.83 to 1.2 m 3 /s which equals to 34 percent. The same behavior was observed for the sub-basin V.
The results for mechanical operations show that, the discharge for 100 year return period, after performing watershed operations, was estimated about 19.9 m 3 /s that shows 6.95 percent decline in peak discharge. Decline in peak discharge also occurred in conjunction zone between V and VI (J134) sub-basins. The peak discharge or the sub-basin VI this amount was 6.14 m The results for the complete mechanical treatments scenario show that, for the discharge with return periods of 2, 5, 10, 25, 50 and 100 years, there will be decline in peak discharge which equals to 2.71, 2.5, 2.51, 5.37 and 8.23 percent respectively. The peak discharge for a 100 years return period will decrease from 20.63 to 18.58 m
